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Experimental 

Crystal data 

C 23 H 27 FN 4 0 3 
M, = 426.49 
Monoclinic, P2Jc 
a = 6.8537 (1) A 
b = 21.5613 (5) A 
c = 15.3472 (3) A 
B = 113.857 (1)° 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2008) 
T mi „ = 0.944, r max = 1.000 

Refinement 

R[F 2 > 2a(F 2 )] = 0.045 

wR(F 2 ) = 0.130 

S = 1.07 

5138 reflections 

291 parameters 



V = 2074.15 (7) A 3 
Z = 4 

Mo Ka radiation 
fi = 0.10 mm~' 
T = 200 K 

0.52 x 0.37 x 0.23 mm 



19267 measured reflections 
5138 independent reflections 
4130 reflections with / > 2a(I) 
R iM = 0.015 



3 restraints 

H-atom parameters constrained 
A/w = 0.39 e A~ 3 
Apmh>= -0.30 e A~ 3 



Received 21 September 201 1 ; accepted 10 October 201 1 

Key indicators: single-crystal X-ray study; T = 200 K; mean cr(C-C) = 0.002 A; 
disorder in main residue; R factor = 0.045; wR factor = 0.130; data-to-parameter 
ratio = 1 7.7. 

The title compound (also known as 9-hydroxyrisperidone), 
C23H27FN4O3, is a heterocyclic compound with manifold 
pharmacological properties. The hydroxy group shows 
disorder over two positions, with site-occupancy factors of 
0.856 (2) and 0.144 (2). The piperidine ring adopts a chair 
conformation, while the annulated ring bearing the hydroxy 
group is present in a half-chair conformation. Classical O — 
H- ■ O hydrogen bonds as well as C— H- ■ N contacts connect 
the molecules into undulating sheets lying perpendicular to 
the crystallographic b axis. The shortest centroid-centroid 
distance between two centers of gravity is 3.5867 (8) A and is 
apparent between the benzoxazole moiety and the six- 
membered ring bearing the keto substituent. 

Related literature 

For pharmacological background, see: de Leon et al. (2010); 
Spina & Crupi (2011). For related structures, see: Peeters et al. 
(1993); Ravikumar et al (2005); Sun & Zhang (2009); Wang & 
Pan (2006). For graph-set analysis of hydrogen bonds, see: 
Etter et al. (1990); Bernstein et al. (1995). For puckering 
analysis, see: Cremer & Pople (1975). 
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Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


Ol-Hl-02' 


0.84 


1.86 


2.6945 (16) 


174 


01B-H1B-02' 


0.84 


2.39 


3.153 (8) 


152 


C4-H4A- ■ N4" 


0.99 


2.55 


3.4830 (19) 


157 


Symmetry codes: (i) x - 


r l,y,z; lii 


I x — 1, — y + 1, z 


— 2" 





Data collection: APEX2 (Bruker, 2010); cell refinement: SAINT 
(Bruker, 2010); data reduction: SAINT, program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and Mercury (Macrae et al, 2008); soft- 
ware used to prepare material for publication: SHELXL97 and 
PLATON (Spek, 2009). 

ASD thanks the University of Mysore for research facilities. 
HSY thanks Jubilant Life Sciences Ltd, Noida, for the gift 
sample of the title compound. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: ZL2406). 
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Acta Cryst. (2011). E67, o2945-o2946 [ doi:10.1107/S160053681104164X ] 

Paliperidone: 3-{2-[4-(6-fluoro-l,2-benzoxazol-3-yl)piperidin-l-yl]ethyl}-9-hydroxy-2-methyl- 
l,6,7,8,9,9a-hexahydropyrido[l,2-a]pyrimidin-4-one 

R. Betz, T. Gerber, E. Hosten, A. S. Dayananda, H. S. Yathirajan and S. Thomas 
Comment 

Paliperidone, or 9-hydroxyrisperidone, is one of the most recently available atypical antipsychotics (Spina & Crupi, 2011). 
It is a benzisoxazole derivative and the major active metabolite of risperidone, a widely used atypical antipsychotic ap- 
proved for the treatment of schizophrenia and other psychiatric disorders. The pharmacokinetics of paliperidone versus 
risperidone have been published (de Leon et al, 2010). Related crystal structures, viz. 3-{2-[4-(6-fluoro-l,2-benzisoxazol- 
3-yl)piperidino]ethyl}-6,7,8,9-tetrahydro-\ 2-methyl-4//-pyrido[l,2-a]pyrimidin-4-one [risperidone] (Peeters et al, 1993), 
risperidone N-oxide hydrogen peroxide methanol solvate (Ravikumar et al, 2005), risperidone chloride 2.5 hydrate (Wang 
& Pan, 2006), 4-(6-fluoro-l,2-benzisoxazol-3-yl)-l-[2-(2-methyl-4-oxo- 6,7,8,9-tetrahydro-4//-pyrido[l,2-a] pyrimidin-3- 
yl)ethyl]piperidinium nitrate (Sun & Zhang, 2009) have been reported. In view of the importance of the title compound we 
herein report its molecular and crystal structure. 

The hydroxy group as well as the hydrogen atoms of the methyl group show disorder. While the hydroxy group is dis- 
ordered over two defined positions with site occupancy factors of of 0.856 (2) and 0.144 (2), rotational disorder is observed 
for the hydrogen atoms of the methyl group (occupancy ratio 0.68 (2) to 0.32 (2)). The low puckering amplitude of the 
six-membered ring bearing the keto group preculdes a conformational analysis (Cremer & Pople, 1975). The piperidine 

ring is present in a 'c^ conformation ( N3 Cc23) and the hydroxy-tetrahydropyrido ring annulated on the pyrimidin-4-one 

5 C4 

ring adopts a H4 conformation ( Hq^) (Fig. 1). Proton NMR spectra of dissolved crystals of the title compound do not 
indicate the presence of the two stereoisomers as became apparent upon modelling the disorder for the hydroxy group in 
an axial-equatorial configuration. 

In the crystal, classical hydrogen bonds of the O-HO type as well as C-H-N contacts whose range falls by 0.2 A below 
the sum of van-der-Waals radii can be observed. While the classical hydrogen bonds are apparent between the hydroxy 
group as donor and the keto group as acceptor, the C-H - N contacts appear between one of the methylene groups of the 
central aza-cyclohexane moiety and the nitrogen atom of the oxazol subunit. In terms of graph-set analysis (Etter et al. , 1 990; 

Bernstein et al, 1995), the descriptor for the classical hydrogen bonds is C 1 1(7) whereas the C-H -N contacts necessitate 

a C 1 1(14) descriptor on the same level. In total, the molecules are connected to undulated sheets perpendicular to the crys- 
tallographic b axis. The shortest intercentroid distance between two centers of gravity was found at 3.5871 (8) A and is ob- 
served between the oxazol subunit and the six-membered heterocycle bearing the keto-group (Fig. 2). Furthermore, a F---C g 
contact (<3?p... Qg. 3.2038 (12) A) is observed between the fluorine atom and the six-membered ring bearing the keto group. 

The packing of the title compound is shown in Figure 3. 
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Experimental 

The title compound was obtained as a gift sample from Jubilant Life Sciences Ltd., Noida, India. Paliperidone was recrys- 
tallized from A^-dimethylformamide by slow evaporation at room temperature. 

Refinement 

Four reflections, 10 4, -13 1,044 and Oil were found to be obstructed by the beam stop and were omitted from the 
refinement. Carbon-bound H atoms were placed in calculated positions (C — H = 0.95 A for aromatic carbon atoms and 
C — H = 0.99 A for methylene groups) and were included in the refinement in the riding model approximation, with (7(H) 
set to 1.2(7 e q(C). The H atoms of the methyl groups were refined as rotationally disordered over two positions (orientations 
separated by 60° rotation of the H atoms) and allowed to rotate with a fixed angle around the C — C bond to best fit the 
experimental electron density and to account for rotational disorder (HFIX 127 in the SHELX program suite (Sheldrick, 
2008)), with [/(H) set to 1.5(7 e q(C). Occupancies refined to 0.68 (2) and 0.32 (2). The H atom of the hydroxy group was 
allowed to rotate with a fixed angle around the C — O bond to best fit the experimental electron density (HFIX 147 in the 
SHELX program suite (Sheldrick, 2008)), with (7(H) set to 1 .5(7 eq (0). The disorder of the hydroxy group was handled with a 
disorder model over two positions and site occupancy factors of 0.856 (2) and 0. 144 (2). The anisotropic displacement para- 
meters of the two oxygen atoms and of the two carbon atoms of the disordered group were each constrained to be identical. 
Equivalent bond distances in the disordered sections (C2 — 01 and C2b — Olb, CI — C2 and CI — C2b, and C2 — C3 and 
C2b — C3) were restrained to be the same within a standard deviation of 0.02 A. Some minor residual electron density - that 
could not be resolved in any chemically meaningful way - remained. 



Figures 




Fig. 1. The molecular structure of the title compound, with atom labels and anisotropic dis- 
placement ellipsoids (drawn at 50% probability level). 



Fig. 2. Selected intermolecular contacts, viewed along [0 0 - 1]. For clarity, only the main 
components of the disordered parts of the molecule are depicted. Blue dashed lines indicate 
classical hydrogen bonds of the O-H - 0 type, green dashed lines indicate C-H - N contacts. 

Symmetry operators: 1 x - 1, y, z; 11 x - 1, -y + 1/2, z - 1/2; 111 x + 1, -y + 1/2, z + 1/2; lv x + 1, y, 
z. 
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Fig. 3. Molecular packing of the title compound, viewed along [-1 0 0] (anisotropic displace- 
ment ellipsoids drawn at 50% probability level). For clarity, only the main components of the 
disordered part of the molecule are depicted. 



3-{2-[4-(6-fluoro-1 ,2-benzoxazol-3-yl)piperidin-1 -yl]ethyl}-9- hydroxy-2-methyl-1 ,6,7,8,9,9a-hexahy- 
dropyrido[1 ,2-a]pyrimidin-4-one 



Crystal data 
C23H27FN4O3 
M r = 426.49 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
0 = 6.8537 (1) A 
6 = 21.5613 (5) A 
c= 15.3472 (3) A 
(3= 113.857 (1)° 
V= 2074.15 (7) A 3 
Z=4 



^(000) = 904 
D x = 1.366 MgrrT 3 
Melting point = 43 1^433 K 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 8433 reflections 
6 = 2.4-28.3° 

|i = 0.10mm _1 
J=200K 
Platelet, colourless 
0.52 x 0.37 x 0.23 mm 



Data collection 



Bruker APEXII CCD 
diflxactometer 

Radiation source: fine-focus sealed tube 

graphite 

(p and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2008) 

r min = 0.944, r max = 1.000 

19267 measured reflections 



5138 independent reflections 

4130 reflections with / > 2a(7) 
i? int = 0.015 

©max = 28.3°, 0 m i n = 1.9° 

h = -9->5 

yt = -28-*28 
/ = -19-»20 



Refinement 

2 

Refinement on F 
Least-squares matrix: full 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 



sup-3 



supplementary materials 



R[F 2 > 20(7^)] = 0.045 
wR(F 2 ) = 0.130 

5= 1.07 

5138 reflections 
291 parameters 
3 restraints 



Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F D 2 ) + (0.0609P) 2 + 0.7502P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max < 0.001 

Ap ma x = 0.39eA- 3 

Ap min = -0.30eA" 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Occ. (<1) 


Fl 


0.9472 (2) 


-0.23734 (5) 


0.06766 (8) 


0.0637 (3) 




CI 


0.3065 (2) 


0.34124(6) 


0.10562 (9) 


0.0263 (3) 




C2 


0.4057 (3) 


0.38777 (13) 


0.0575 (3) 


0.0303 (5) 


0.856 (2) 


H2 


0.5363 


0.4076 


0.1061 


0.036* 


0.856 (2) 


Ol 


0.4566 (2) 


0.35414 (7) 


-0.00902 (10) 


0.0441 (4) 


0.856 (2) 


HI 


0.5676 


0.3332 


0.0197 


0.066* 


0.856 (2) 


C2B 


0.371 (2) 


0.3800 (9) 


0.0602 (19) 


0.0303 (5) 


0.144 (2) 


H2B 


0.3836 


0.3531 


0.0096 


0.036* 


0.144 (2) 


OIB 


0.5863 (13) 


0.4016(4) 


0.1090 (6) 


0.0441 (4) 


0.144 (2) 


H1B 


0.6707 


0.3714 


0.1204 


0.066* 


0.144 (2) 


02 


-0.19649 (16) 


0.28148 (5) 


0.07163 (8) 


0.0385 (3) 




03 


0.98743 (17) 


-0.07016 (5) 


0.27657 (8) 


0.0355 (2) 




Nl 


0.09124(17) 


0.33395 (5) 


0.07005 (8) 


0.0243 (2) 




N2 


0.43993 (18) 


0.30815 (6) 


0.17546 (9) 


0.0304 (3) 




N3 


0.19463 (19) 


0.10440 (5) 


0.16460 (8) 


0.0297 (3) 




N4 


0.8250 (2) 


-0.02973 (6) 


0.27986 (10) 


0.0358 (3) 




C3 


0.2461 (2) 


0.43659 (7) 


0.00112 (11) 


0.0352 (3) 




H3A 


0.2185 


0.4652 


0.0453 


0.042* 




H3B 


0.3052 


0.4611 


-0.0371 


0.042* 




C4 


0.0400 (2) 


0.40636 (7) 


-0.06404 (10) 


0.0343 (3) 




H4A 


-0.0587 


0.4382 


-0.1050 


0.041* 




H4B 


0.0687 


0.3760 


-0.1058 


0.041* 




C5 


-0.0608 (2) 


0.37407 (7) 


-0.00587 (10) 


0.0310 (3) 




H5A 


-0.1195 


0.4056 


0.0238 


0.037* 




H5B 


-0.1811 


0.3484 


-0.0486 


0.037* 




C6 


-0.0004 (2) 


0.28750 (6) 


0.10498 (10) 


0.0257 (3) 




C7 


0.1457 (2) 


0.24916 (6) 


0.17907 (10) 


0.0256 (3) 




C8 


0.3594 (2) 


0.26122 (6) 


0.21256 (10) 


0.0283 (3) 
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C9 


0.5251 (2) 




0.22464 (8) 


0.29070 (12) 


0.0410 (4) 




H9A 


0.6444 




0.2519 


0.3278 


0.061* 


0.68 (2) 


H9B 


0.5769 




0.1909 


0.2629 


0.061* 


0.68 (2) 


H9C 


0.4623 




0.2073 


0.3325 


0.061* 


0.68 (2) 


H9D 


0.4780 




0.1815 


0.2877 


0.061* 


0.32 (2) 


H9E 


0.5455 




0.2425 


0.3525 


0.061* 


0.32 (2) 


H9F 


0.6601 




0.2261 


0.2830 


0.061* 


0.32 (2) 


CIO 


0.0456 (2) 




0.19768 (6) 


0.21276 (11) 


0.0321 (3) 




HlOA 


-0.0903 




0.2126 


0.2135 


0.038* 




HlOB 


0.1416 




0.1864 


0.2788 


0.038* 




Cll 


0.0019(2) 




0.13990 (7) 


0.14944(12) 


0.0365 (3) 




H11A 


-0.1000 




0.1128 


0.1624 


0.044* 




HUB 


-0.0659 




0.1528 


0.0818 


0.044* 




C21 


0.1578 (3) 




0.06087 (7) 


0.08649 (12) 


0.0398 (4) 




H21A 


0.1067 




0.0839 


0.0255 


0.048* 




H21B 


0.0453 




0.0310 


0.0833 


0.048* 




C22 


0.3598 (3) 




0.02553 (7) 


0.09942(11) 


0.0370 (3) 




H22A 


0.4695 




0.0550 


0.0983 


0.044* 




H22B 


0.3286 




-0.0040 


0.0461 


0.044* 




C23 


0.4457 (2) 




-0.01007 (7) 


0.19418(11) 


0.0325 (3) 




H23 


0.3353 




-0.0411 


0.1920 


0.039* 




C24 


0.4728 (3) 




0.03595 (7) 


0.27396 (11) 


0.0370 (3) 




H24A 


0.5180 




0.0134 


0.3352 


0.044* 




H24B 


0.5860 




0.0662 


0.2794 


0.044* 




C25 


0.2667 (3) 




0.07031 (7) 


0.25493 (11) 


0.0371 (3) 




H25A 


0.1553 




0.0403 


0.2526 


0.044* 




H25B 


0.2889 




0.0997 


0.3076 


0.044* 




C31 


0.6466 (2) 




-0.04472 (6) 


0.20962 (10) 


0.0299 (3) 




C32 


0.6772 (2) 




-0.09575 (6) 


0.15598 (10) 


0.0300 (3) 




C33 


0.8930 (2) 




-0.10890(6) 


0.20159 (10) 


0.0296 (3) 




C34 


0.9956 (3) 




-0.15634 (7) 


0.17502 (11) 


0.0346 (3) 




H34 


1.1440 




-0.1646 


0.2068 


0.041* 




C35 


0.8610(3) 




-0.19004 (7) 


0.09821 (12) 


0.0415 (4) 




C36 


0 6432 (3) 




-0 17991 (&) 


0 04974 (12) 


0 0480 (4) 




H36 


0.5604 




-0.2055 


-0.0026 


0.058* 




C37 


0.5487 (3) 




-0.13217(7) 


0.07852 (12) 


0.0414 (4) 




H37 


0.4001 




-0.1242 


0.0465 


0.050* 




Atomic displacement parameters (A 2 ) 












U n 


U 22 


t/ 33 


U 12 


U u 


U 23 


Fl 


0.0769 (8) 


0.0536 (7) 0.0580(7) 0.0184(6) 


0.0246 (6) 


-0.0218(5) 


CI 


0.0285 (7) 


0.0250 (6) 0.0276 (6) 0.0007 (5) 


0.0135 (5) 


-0.0010 (5) 


C2 


0.0238 (10) 


0.0304 (11) 0.0399 (8) -0.0053 (8) 


0.0161 (9) 


0.0069 (7) 


Ol 


0.0381 (7) 


0.0552 (8) 0.0450 (8) 0.0164 (6) 


0.0231 (6) 


0.0159 (6) 


C2B 


0.0238 (10) 


0.0304 (11) 0.0399 (8) -0.0053 (8) 


0.0161 (9) 


0.0069 (7) 


01B 


0.0381 (7) 


0.0552 (8) 0.0450 (8) 0.0164 (6) 


0.0231 (6) 


0.0159 (6) 


02 


0.0243 (5) 


0.0380 (6) 0.0518 (7) 0.0046(4) 


0.0138 (5) 


0.0109 (5) 



sup-5 



supplementary materials 



<J3 


U.U330 PJ 


n aia^ 
U.U3UO PJ 


n mnn 

u.u3yu pj 


u.uuuy pj 


A A 1 1 1 (A \ 

U.U1 1 1 pj 


A AAO O ( A \ 

—U.UUoo pj 


JN 1 


U.UZjo p J 


n moo 

u.uzzy p J 


U.UZ44 p J 


n nni/i sa\ 
U.UU30 p J 


A A 1 A^ (A \ 

U.UIUj p J 


A AA 1 1 (A \ 

u.uui / pj 


JNZ 


U.UZj / pj 


n ni 1 n 
U.U3 1U p J 


n ni/n no 
U.U34Z p J 


n nn 1 n 
U.UU1U p J 


A A 1 1 0 ( Z. \ 

U.U1 lo p J 


n nm q 
U.UU3o p J 


Ml 

JN 3 


U.UZV3 pj 


U.UZD4 p J 


n nnn no 
U.U3ZU p J 


n nm^ 
U.UUZo p J 


n nnoQ ( z.\ 

u.uuyy p j 


a nm^ 
U.UUZj p J 


JN4 


U.U3oo PJ 


n aooc /via 

u.uzyr> p j 


U.U3yo pj 


n nn/in tz\ 
U.UU4U p J 


n n 1 1*7 ( &\ 
U.U13 / PJ 


— u.uuoy p j 


C3 


U.U4U/ pj 


n mn 1 /"7\ 

u.uzy 1 pj 


n m ^ c fQ\ 
U.U3jj pj 


n nnno /'/iA 
— U.UUUo pj 


n n 1 z i 
U.U1j3 pj 


U.UUj3 pj 


U4 


U.U300 (5 J 


U.U330 {/) 


n mn^ 
U.U3UO pj 


n nn/i 1 
U.UU41 pj 


n n 1 1 a {£\ 
U.U1 14 pj 


a nn^"7 
U.UUj / pj 




U.UZoy ( I) 


n nnc /■~7\ 
U.U3ZD pj 


U.UZoo pj 


n nn^^ 
U.UUj j p J 


a nno^ 
U.UUoj p J 


a nn/^ 1 
U.UUol p J 


Lo 


U.UZoU p J 


n mn no 
U.UZ3 / pj 


n mn^ 
U.U3Uj p J 


n nnn /'^a 
U.UU3Z p J 


U.U140 p J 


u.uuuu p J 


r^n 
C/ 


U.UZ /j (o J 


u.uzzy p J 


n mm 

u.uzy / pj 


n nn/i i (z. \ 
U.UU43 p J 


A AK| /C\ 

U.U1 j! p J 


n nm i 

u.uuzi p J 


to 


n men *"7\ 
U.UZoU pj 


n m~7 1 
U.UZ / 1 pj 


n mnn /"7\ 
U.U3UU pj 


n nni"7 
U.UU3 / PJ 


a n 1 1 o 
U.U1 lo p J 


a nmn 

u.uuzu p J 


cy 


U.U3UZ pj 


A A/111 /Tl\ 

U.U4Z1 (y) 


U.U441 (yj 


U.UUd4 (oj 


n nnoT /*7\ 
U.UUoZ PJ 


A A1 CI /"7\ 

U.U1M (/J 


r^i n 
C1U 


n ni 1 /i /"7\ 
U.U3 14 ( /J 


n men /"7\ 
U.UZoU pj 


n c\a 1 n /'oa 
U.U4iy p J 


n nn/i *7 /'^ \ 
U.UU4 / PJ 


n mm /'/iA 

u.uzui pj 


n nnon 
U.UUoU p J 


1 1 
Ul 1 


U.UZ04 ( /J 


U.UZo4 pj 


U.Uj 1Z p J 


n nnn/i 
— U.UUU4 p J 


n n 1 on /'/iA 
U.U1ZU p J 


n nm o 
U.UU3o p J 


CZ1 




n ni ^n fQ\ 
U.U3 jU p J 


n m^o 
U.U3oZ p J 


n nmo 
U.UUZo p J 


a nm 1 
U.UU31 pj 


a nn^n 
— U.UUjU pj 


\^ZZ 


U.U3VZ p J 


U.U3 /3 pj 


n mm /'*7\ 

u.uzy3 pj 


U.UUjZ p J 


n nnc£ 
U.UUoo p J 


n nnn /'/iA 
— U.UU3Z pj 


CZ3 


n mi£ *"7\ 
U.U330 ( 1) 


U.UZ jo p J 


n m 

U.U3oj pj 


n nm 1 

u.uuzi p J 


n n 1 /i o /'/iA 
U.U14o p J 


n nnm /'^a 

u.uuuz p J 


CZ4 


n n/i ^n (&\ 
U.U4oU [y J 


n ni /i o 
U.U34o p J 


n mm /'*7\ 

u.uzy / pj 


n m /i "7 
U.U14 / p J 


A AUA f/Z\ 

U.U14y p J 


U.UUj4 p J 


CZj 


n n/i ^i 
U.U4j3 pj 


n m 1 n *"7\ 
U.U3 1U pj 


n n/im 
U.U4U/ pj 


n nno^ 

u.uuyo p J 


a mil f"7~\ 
U.UZ33 pj 


u.uuoy p J 


C3 1 


U.U34y ( 1) 


n mi o no 
U.UZ3o p J 


n m 1 fn\ 
U.U3 lo pj 


n nnn 1 ( z.\ 

— u.uuui pj 


n n 1 /i i 
U.U141 p J 


n nnn 1 /'^ \ 

u.uuui p J 


C32 


A A1 CO /''7^ 

0.0352 (7) 


0.0249 (6) 


0.0294 (7) 


A AAA! ( Z\ 

-0.0002 (5) 


0.0125 (6) 


A AA 1 1 /'C^ 

-0.0011 (5) 


C33 


0.0367 (7) 


0.0237 (6) 


0.0292 (7) 


-0.0020 (5) 


0.0144 (6) 


-0.0012(5) 


C34 


0.0396 (8) 


0.0301 (7) 


0.0367 (8) 


0.0040 (6) 


0.0 1 82 (6) 


0.0000 (6) 


C35 


0.0566 (10) 


0.0321 (8) 


0.0377 (8) 


0.0082 (7) 


0.02 ll (7) 


-0.0054 (6) 


C36 


0.0575 (11) 


0.0385 (9) 


0.0383 (9) 


0.0000 (8) 


0.0093 (8) 


-0.0139 (7) 


C37 


0.0396 (8) 


0.0360 (8) 


0.0385 (8) 


-0.0001 (6) 


0.0055 (7) 


-0.0071 (6) 



Geometric parameters (A, °) 



Fl— C35 


1.3537(18) 


C9— H9A 


0.9800 


CI— C2B 


1.277 (18) 


C9— H9B 


0.9800 


CI— N2 


1.3042 (18) 


C9— H9C 


0.9800 


CI— NI 


1.3596 (17) 


C9— H9D 


0.9800 


CI— C2 


1.556 (2) 


C9— H9E 


0.9800 


C2— Ol 


1.406 (4) 


C9— H9F 


0.9800 


C2— C3 


1.512(3) 


C10— Cll 


1.533 (2) 


C2— H2 


1.0000 


C10— H10A 


0.9900 


Ol— HI 


0.8400 


C10— H10B 


0.9900 


C2B— 01B 


1.434 (16) 


Cll— H11A 


0.9900 


C2B— C3 


1.555 (15) 


Cll— HUB 


0.9900 


C2B— H2B 


1.0000 


C21— C22 


1.521 (2) 


OIB— H1B 


0.8400 


C21— H21A 


0.9900 


02— C6 


1.2363 (16) 


C21— H21B 


0.9900 


03— C33 


1.3559 (16) 


C22— C23 


1.536 (2) 


03— N4 


1.4309 (16) 


C22— H22A 


0.9900 


NI— C6 


1.3990 (17) 


C22— H22B 


0.9900 


NI— C5 


1.4865 (16) 


C23— C31 


1.499 (2) 


N2— C8 


1.3811 (18) 


C23— C24 


1.528 (2) 


N3— Cll 


1.4615 (18) 


C23— H23 


1.0000 
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JN 3 — Cz 1 


1 ac \ c\ /1 a\ 
1.4olV (IV) 


JN3 — C23 


1.40/1 (lo) 


JN4 — C31 


1 min /i a\ 
1.3U1V {[y) 


C3 — C4 


1 caa 
1.3Uy (Z) 


/ • "J TJI A 

C3 — Hi A 


u.yyuu 


/ • "J I I "J D 

C3 — hl3B 


a aaaa 

u.yyuu 


LA — L-3 


1.3U3 (Z J 


/"I /I I 11 A 

L-4 — ri4A 


A QQAA 

u.yyuu 


C4 — hl4r> 


A AAAA 

u.yyuu 


A 


U.77UU 


C5 — H5B 


0.9900 


C6 — C7 


I.4344 (18) 


C7 — C8 


1.3667 (19) 


C7 — CIO 


1.5023 (19) 


C8 — C9 


I.4994 (19) 


pin pi XT') 

C2hs — CI — JN2 


ill .0 ( /) 


POO p i tin 

C2B — C 1 — JN 1 


114.6 (/) 


\n pi mi 
IN 2 — CI — JN 1 


123. D / (12) 


mo p 1 r 1 ! 

JN2 — CI — C2 


1 1 C CO f\ A\ 

116.57 (14) 


\r1 pi pi 

JN 1 — CI — C2 


1 1 n oa /o o \ 
119. /0 (13) 


p.1 po po 
U 1 — C2 — C3 


1 Pi/; 1 ZO\ 

106.2 (2) 


p. 1 n p 1 
(J 1 — Cz — C 1 


1 Pi"7 1 ZO\ 

10 /.2 (2) 


po po n 
C3 — Cz — C 1 


111 cn /1 c\ 
111.51) (ID) 


p.1 n ijo 
(J 1 — Cz — Hi 


1 1U.6 


po n uo 
C3 — Cz — Hi 


1 1 ft j; 

11U.6 


pi n in 
CI — Cz — Hi 


1 1 a £. 
111). 6 


{ - i POO A1 D 

C 1 — C2B — U 1 B 


1 1 /c A /1 c\ 
116. U (ID) 


pi ( ■ o o pi 
C 1 — C2B — C 3 


126.9 (14) 


rvin pin pi 

\j 1 hs — Czd — C3 


1 A/1 A / 1 1 \ 

1U4.V (11) 


pi POO Ijoo 

C 1 — CzrS — H2hs 


ini /; 
lul.o 


U 1 hs — C2hs — H2hs 


mi /; 
lul.o 


pi poo ijoo 
C3 — Czhs — H2B 


1A1 /; 
1U1.6 


Czhs — U 1 B — H 1 B 


1 An c 
1U9.D 


poo p.o M/l 
C33 — U3 — JN4 


1 AO 11 /I A\ 
1U /.I 1 (1U) 


pi xt i p/; 
CI — JN 1 — Co 


nn -7/r /11\ 

12U. /6 (11) 


pi XT 1 PC 

CI — JN 1 — CD 


m m /ii\ 
123.39 (11) 


P/C \T1 PC 

Co — JN 1 — CD 


lie O/i n u 
11D.64 (11) 


pi \n po 
CI — JN2 — Co 


1 1 O 1 O /1 T\ 

116.36 (12) 


P1 1 Ml PT1 

CI 1 — JN3 — C21 


111 1 1 /i i\ 
111.13 (12) 


p 1 1 \n ptc 
CI 1 — JN3 — CzD 


1 1 A A A /1 T\ 

11U.49 (12) 


PT1 MO PTC 

Czl — JN3 — Czd 


1AA CA ("n 1 ! 

1U9.DU (12) 


pi 1 M/l p,Q 

C31 — JN4 U3 


1 A"7 /il PI 1 \ 

1U/.63 (11) 


p/i pi pi 
C4 — C3 — Cz 


1 1 A 1 "7 /1 C\ 
11U.1 / (ID) 


C4— C3— C2B 


101.3 (7) 


C4— C3— H3A 


109.6 


C2— C3— H3A 


109.6 


C2B — C3 — H3A 


107.6 


C4— C3— H3B 


109.6 


C2— C3— H3B 


109.6 



C24 — CZj 


1 C 1 C 

1.3 13 (Z) 


/~1 ^ A 1 ]•) ,1 A 

Cz4 — hlZ4A 


A AAAA 

u.yyuu 


C24 — hlZ4r> 


A AAAA 

u.yyuu 


CZD — rlZjA 


A QQAA 

u.yyuu 


CZD — HZjB 


A AAAA 

u.yyuu 


C31 — C3Z 


1 A /1 A\ 

i.43yz (iyj 


C3Z — C33 


1.3oo (Z) 


C3Z — Lo / 


1 1QQ 

i.3yy \i) 


C33 — C34 


1.3yZ (Z) 




L.J f-t 


C34 — H34 


0.9500 


C35 — C36 


1.390 (3) 


C36 — C37 


1.381 (2) 


C36 — H36 


0.9500 


C37 — H37 


0.9500 


i r n r\ pa line 
hi9D — C9 — hi9b 


1 AA C 

1U9.D 


PO PA TJATT 

C6 — C9 — H9h 


1 AA C 

1U9.D 


nn A PA UAI7 

H9A — C9 — hl9h 


C£ 0 

Do. 3 


| r (1 li PA TJTATT 

H9B — C9 — H9h 


c/; i 
D6.3 


TJAP PA TJATT 

H9C — C9 — H9h 


i/ii i 
141.1 


I r n r\ PA TJTATT 

hi9D — C9 — H9h 


1 AA C 

1U9.D 


| |Ar PA TJAT7 

H9b — C9 — H9h 


1 AA C 

1U9.D 


P"7 p 1 A P11 

C / — C 1 0 — C 1 1 


1 1 O A 1 /1 0\ 

112.43 (12) 


P"7 P1A T_T1AA 

C / — C 1 0 — H 1 UA 


1 AA 1 
1U9.1 


P11 p 1 A tt 1 A A 

Cll — C10 — hilUA 


1 AA 1 
1U9.1 


P"7 p 1 A tt 1 AO 

C / — C 1 0 — tl 1 UB 


1 AA 1 
1U9.1 


P11 p 1 A TJIAO 

Cll — C10 — hilUB 


1 AA 1 
1U9.1 


tj 1 A A p 1 A TJT 1 AO 

tt 1 UA — C 1 0 — tt 1 UB 


1 AO A 
10/. 9 


\T1 P 1 1 P 1 A 

JN3 — Cll — C10 


110 1/1 /1 o\ 

113. 1U (12) 


\n p 1 1 tj i 1 A 

JN3 — Cll — HI 1 A 


1 AA A 
1U9.0 


p 1 A P11 tj 1 1 A 

C10 — Cll — HI 1A 


1 AA A 
1U9.U 


\n p 1 1 JJ 1 1 o 

JN3 — Cll — HI IB 


1 AA A 
1U9.0 


P1A P11 JJ110 

C10 — Cll — HI IB 


1 AA A 
1U9.U 


JJ11A P11 III 1 D 

HI 1 A — Cll — HI IB 


1 AO O 

1U/.6 


\11 po 1 POO 

JN 3 — C2 1 — C22 


111 /CO /10\ 

111.62 (12) 


Ml PO 1 JJO 1 A 

JN3 — C21 — H21A 


1 AA 0 

1U9.3 


POO POI JJ0 1 A 

C22 — C2 1 — H2 1 A 


1 AA 0 

1U9.3 


Ml PO 1 JJO 1 O 

JN3 — C21 — H21B 


1 AA 0 

1U9.3 


POO POI JJ0 1 o 

C22 — C2 1 — H2 1 B 


1 AA 0 

1U9.3 


JJO 1 A PO 1 JJO 1 O 

H21A — C21 — H21B 


1 AO A 

1U6.U 


POI POO POO 

C2 1 — C22 — C23 


11A o/; /io\ 

110.76 (13) 


r^oi r^oo uoo a 
C2 1 — C22 — H22 A 


1 AO C 

1U9.D 


POO POO JJOO A 

C23 — C22 — H22A 


1 AA C 

1U9.D 


POI POO ttooo 

C2 1 — C22 — H22B 


109.5 


C23— C22— H22B 


109.5 


H22A— C22— H22B 


108.1 


C31— C23— C24 


113.02(12) 


C31— C23— C22 


112.03 (12) 


C24— C23— C22 


108.06 (12) 
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PT D PI TTTT) 

Cz 13 — C 3 — H 3 13 


120.2 


pio 1 pii t ioi 

C31 — Cz3 — Hz3 


107.8 


1 1 "j a pi i ii n 

H3A — C3 — H313 


1 AO 1 

1U8.1 


PI/I LITI 

Cz4 — Cz3 — Hz3 


1 A"7 O 
1U/.8 


PC /"I/I pi 

Cj — C4 — C3 


1 AA "70 1 1 "">\ 

lUV. /8 (12) 


Pll PT] tit) 

Czz — Cz3 — Hz 3 


1 A"7 O 
1U/.8 


PC p a i i i * 

Cj — C4 — H4A 


1 nn "7 

iuy. / 


PTC po /I POI 

Czj — Cz4 — Cz3 


111 1 d /1 j y\ 
lll.iy (13) 


pi r~\ a i i i a 

C3 — C 4 — H4 A 


1 nn "7 

iuy. / 


PTC PT/1 in 1 A 

Czj — Cz4 — H24A 


1 nn a 

iuy.4 


PC p A I I ,1 T") 

Cj — C4 — H413 


1 nn "7 

iuy. / 


( PI /I I I "> , 1 A 

Cz3 — Cz4 — H24A 


1 An a 

iuy.4 


C3 — C4 — H413 


1 nn "7 

iuy. / 


PTC pi/I TJT/ID 

Czj — Cz4 — Hz4r> 


1 nn a 

iuy.4 


i i i a p A i i ,1 1) 

H4A — C4 — H413 


1 AO O 

1U8.2 


POI pi/I I I ~> 1 1) 

Cz3 — Cz4 — Hz4r> 


1 nn a 

iuy.4 


JN 1 — C J — C4 


1 1 1 n/; t\ 
112. yb (12) 


in , i a pt/i in 1 1) 
Hz 4 A — C Z 4 — HZ 4r> 


1 AO A 

1U8.U 


JN 1 — Cj — HjA 


1 An a 

luy.u 


XTO PTC PO /( 

JN3 — Czj — Cz4 


111 A A {1 "t \ 

lll.UU (12) 


pi /) nr Tjc A 

C4 — CD — H j A 


1 An a 

luy.u 


XT1 PTC TJOC A 

JN3 — Czj — HZjA 


1 An a 

iuy.4 


XT1 / " C TJC TJ 

JN 1 — Co — Hj13 


1 An a 

luy.u 


PI/I PTC i_n C A 

Cz4 — Czj — HZjA 


1 An a 

iuy.4 


f^A ( ' < 1 Id) 

C4 — C J — rl j d 


1 An a 

luy.u 


XT1 ptc i ncn 
JN3 — Czj — HzjB 


1 An a 

iuy.4 


HjA — Cj — Hjd 


1 A"7 O 

1U /.8 


pi/I PTC I n C D 

Cz4 — Czj — HzjB 


1 An a 

iuy.4 


PtT /-i/: \ti 

Uz — Co — JN 1 


1 1 Q OC (\ "i\ 

iiy.sj (12) 


TIT C A PTC TJT CD 

HZjA — Czj — HZjJd 


1 AO A 


PT p/: r^~i 

Uz — Co — C / 


124.13 (12) 


XT A PI 1 pit 

JN4 — C3 1 — C3Z 


111 A A ^1 1 \ 

1 1 l.UU (13) 


XT1 / •/' /-i -7 

JN 1 — Co — C / 


11/: m n n 
116. U2 (11) 


XT A P I 1 PT1 

JN4 — C3 1 — Cz3 


1 TA 11 { 1 1\ 

12U.13 (13) 


Co — C / — Co 


1 1 n n /] i\ 
liy.12 (12) 


PTT po 1 pn 

C3z — C3 1 — Cz3 


no o~7 f 1 1\ 
128.8 / (13) 


Co — C / — C 1 U 


125.40 (12) 


pi i pit pn 
C33 — C3Z — C3 / 


11A i"7 /11\ 
liy.3 / (13) 


p/l pt pin 

Co — C / — C 1 u 


1 1 C A"t (1 1\ 

115.42 (12) 


pT T PT T PI 1 

C33 — C3Z — C3 1 


1 A1 on 1 1 T\ 

lU3.8y (12) 


r^H o xtt 
C/ — Co — JNz 


IT) AC /11\ 

122. U5 (12) 


PIT pit PT 1 

C3 / — C3z — C3 1 


it/ -7A { 1 A\ 

136. /U (14) 


C / — Co — CV 


m /ia/ii\ 
123.4U (13) 


p.-i pn pt t 
U3 — C33 — C3Z 


1 1 a n /1 t\ 
11U.3 / (12) 


XTT PO Pn 

JNZ — Co — CV 


11/1 Z A /11\ 

1 14.54 (12) 


r\i pn pi /i 
U3 — C33 — C34 


125.22 (13) 


pq pn i in a 
Co — CV — rlyA 


1 An c 


PTT pi 1 pi A 

C3z — C33 — C34 


1T/1 m /11\ 
124. 3y (13) 


po pn i ini) 

Co — CV — rlyB 


1 An c 


pic pi /i PIT 

C3j — C34 — C33 


111 i/i /i/i\ 
113.34 (14) 


i in * pn TjOD 

riyA — cy — nyr> 


1 nn c 


pif p i /] I I T 1 

Cjj — C34 — H34 


1 IT T 

123.3 


po pn i in/' 

Co — cy — Hyc 


1 An c 


pn pi /i 1 1 "j i 
C33 — C34 — H34 


1 i 
123.3 


I 1 (\ a pn I rf» P 

HyA — cy — Hyc 


1 An c 


r 1 — C3 J — C34 


I 1 "7 1 O (1 C\ 

II /.38 (15) 


i m i) pn 1 1 n / ■ 

HyB — cy — Hyc 


1 An c 


T7 1 P"J c pi /: 

f 1 — C3 J — C30 


in Id /i r\ 

11 /.24 (15) 


pq pn i mn 

Co — cy — m\j 


1 nn c 

iuy.5 


pi /l PTC PI 

C 34 — C 3 J — C3 O 


n? io /i/i\ 
125.38 (14) 


1 1 n a pn i inn 

HyA — cy — iiyL) 


1/11 1 

141.1 


PIT pi/- PTC 

C3 / — C3o — C3 J 


1 1 n 1 "7 ^1 c\ 
liy.l / (15) 


1 1 / I J v / 1 \ / \J 






1 ?n 4 

1 ZU.H 


H9C — C9 — H9D 


56.3 


C35 — C36 — H36 


120.4 


C8 — C9 — H9E 


109.5 


C36 — C37 — C32 


118.34 (15) 


H9A — C9 — H9E 


56.3 


C36 — C37 — H37 


120.8 


H9B — C9 — H9E 


141.1 


C32 — C37 — H37 


120.8 


H9C — C9 — H9E 


56.3 






C2B — CI — C2 — U 1 


o/; /1 /:\ 
-66 (16) 


p /; pt PO pn 

Co — c / — Co — cy 


1 /y.UO (14) 


JN 2 — C 1 — C2 — (J 1 


o2.2 (2) 


pin pt p o pn 

c i u — c / — c o — cy 


-1.5 (2) 


JN 1 — CI — C2 — d 


m /n { 1 o\ 
-y3.42 (IS) 


p 1 XTT p O PT 

C 1 — JNZ — Co — C / 


-0.7 (2) 


C2B — CI — C2 — C3 


in /1 /:\ 
3U (16) 


p i \n po pn 

c i — jnz — Co — cy 


1 /0.41 (13) 


JN 2 — C 1 — Cz — C 3 


1 C 1 QC 1 Q\ 

— loi.yj (iy) 


po pt p i pi pi i 

Co — C / — C 1 U — C 1 1 


nc QA (\ n\ 

— yj.o4 (i /) 


JN 1 — CI — Cz — CI 


LLA (3) 


p /; pt pin PI 1 

Co — C / — C 1 U — C 1 1 


O3.03 (1j) 


JN 2 — C 1 — Czis — (J 1 B 


-22 (3) 


p T 1 XT'? PI 1 pin 

C21 — JN3 — Cll — CIO 


\ r a r\r\ / i t \ 

-164.00 (13) 


Nl— CI— C2B— OIB 


163.6(13) 


C25— N3— Cll— CIO 


74.24 (15) 


C2— CI— C2B— OIB 


-9(14) 


C7— CIO— Cll— N3 


75.21 (16) 


N2— CI— C2B— C3 


-158.1 (15) 


Cll— N3— C21— C22 


177.66 (13) 


Nl— CI— C2B— C3 


27 (3) 


C25— N3— C21— C22 


-60.00 (17) 


C2— CI— C2B— C3 


-146(18) 


N3— C21— C22— C23 


58.12 (17) 
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poo p i \ti p/r 

C2B — CI — JN 1 — Co 
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Symmetry codes: (i) x+l,y, z; (ii) x-l, 
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